Abstract. During a southward orientation of the interplanetary magnetic field (IMF), patches are often observed moving antisunward across the polar cap. In saying "patches" we refer to structures in which the F region electron densities are enhanced relative to lower background levels; we do not in this paper consider patches which are observed optically (see J. J. Sojka et al., Ambiguity in identificiation of polar cap F region patches, submitted to the Journal of Atmospheric and Terrestrial Physics, 1995). The patches can be modeled by a process which involves the "chopping up" of the tongue of ionization (TOI) [Sojka et al., 1993a]. Various mechanisms for chopping the TOI have been suggested; our preferred method is to introduce temporal changes in the convection electric field pattern. In any case the present study is quite independent of any particular mechanism, so long as the TOI is considered to be the source of the patches. In this study we have used the Utah State University Time-Dependent Ionospheric Model (TDIM) to model the TOI for various IMF By orientations. In our simulations the location of the TOI in the polar cap is mainly determined by the IMF By component, and hence the patch locations are also expected to be By dependent. This suggests that a polar ground-based instrument may not see patches even when they are present in the polar ionosphere. This is because the typical field of view of a ground-based instrument, such as an all-sky camera, covers less than 10% of the polar region. The TDIM simulation results were used to predict the By dependence of patches that different ground-based sites would observe. Eureka (Canada) at the magnetic pole is predicted not to observe patches for southward IMF conditions if the By component is strongly negative. Sondrestrom (Greenland) and NyAlesund (Svalbard), although at similar cusp latitudes, are expected to see quite different diurnal responses to patches. At Sondrestrom, patches are seen at noon in winter; both sites should see them in the premidnight sector. These model predictions are the "groundwork" for detailed patch observation-model comparisons at all three sites.
Introduction
Buchau et al. [1983] have shown that polar F region density structures come in two main forms, that is, patches and sun-aligned arcs. The patches were found to correlate with times of strong geomagnetic activity. Today we also know that the patches form under southward interplanetary magnetic field (IMF) conditions. Weber et al. [1984] showed that the patches were transported into the polar cap rather than formed locally by precipitation. Foster and Doupnik [1984] observed plasma transport into the cusp region, through it, and into the polar cap. This transport of plasma, specifically patches, from the cusp into the Copyright 1996 by the American Geophysical Union.
Paper number 96RS00236.
ionization" (TOI). Sato [1959] identified this region of enhanced polar cap plasma in maps of ground-based foF2 and proposed that the "tongue" was caused by solarilluminated plasma drifting into the polar cap. Because of the offset between the magnetic and geographic poles, this solar-produced phenomenon has a strong UT modulation, and hence in different longitude sectors its intensity is different. This was modeled by Sojka and Schunk [1982] , observed by de la Beaujardiere et al [1985] , and is consistent with the patch UT modulation observed by Buchau et al. [1985] . The role of time variations in the convection electric field as the mechanism that chops the TOI into patches has been extensively modeled [ and Valladares et al. [1994] . This mechanism has also been shown to be a primary mechanism for boundary blobs (D. N. Anderson et al., Modeling boundary blobs using time varying convection, submitled to Geophysical Research Letters, 1995) .
Both observationally and theoretically, the polar cap patch phenomenon is a tantalizing "weather" phenomenon. In the applications community it is also a noticeable bad weather effect. The steep density gradients found at the edges of the patches lead to instabilities and the generation of plasma irregularities at various smallscale sizes. It is these irregularities which lead to severe problems in applications involving radio waves traversing the ionosphere. Finally, it should be noted that most of the present-day research dealing with polar cap patches stems from the National Science Foundation Coupling Energetics and Dynamics of Atmospheric Regions (CEDAR) High-Latitude Plasma Structure (HLPS) workshop held at Peaceful Valley, Colorado, in May 1992. At this meeting, almost all of the mechanisms mentioned in this introduction were presented and discussed.
This study extends the work of Bowline et al. [ 1993] and Sojka et al. [1993a Sojka et al. [ , 1994 by presenting the UT and seasonal dependence of patches as might be seen via an observer's localized view from a ground station rather than the theoretical "global" presentation made in the earlier two papers. Three stations are considered: Eureka (Canada), Sondrestrom (Greenland), and NyAlesund (Svalbard). These sites have been chosen because of the large amount of HLPS-type campaign data acquired at these locations. The authors are working with the researchers who acquired these data sets and plan to follow up this theoretical study with observation-model studies.
Time-Dependent Ionospheric
Model (TDIM) 
Patch-to-Background Ratio
Our prior patch studies [Sojka et al., 1993a [Sojka et al., , 1994 showed that the F region polar cap patches were associated with the tongue of ionization, which was the plasma source for the patches. In these studies the chopping of the tongue into patches was due to temporal changes in the convection electric field; these changes in turn were associated with IMF By. variations and electrodynamic changes ongoing in the cusp region, which is the entry point of the patches into the polar cap. Hence by studying the enhancement of the plasma density in the TOI relative to the other plasma in the polar cap, referred to as the background, it is possible to predict the density enhancement of patches as a function of UT, season, solar cycle, etc. In an earlier theoretical study [Bowline et al., 1993] we chose a dawn-dusk strip across the polar cap as the region from which to obtain the TOI density and lowest background density. Hence at each UT and season it was possible for the TDIM to predict the ratio of a patch (TOl)-to-background density ratio. This study has laid the framework for observation-model comparisons of plasma patches. In the absence of IMF data it will be difficult to make one-to-one observation-model comparisons because of the strong IMF B.v control of the polar ionosphere (i.e., see Figure 3 for Eureka).
We are currently collecting HLPS data sets both from CEDAR and from international observation campaigns to verify these predictions. Already it has been found that the intensity of polar cap scintillations correlates with the general bull's-eye pattern shown in Figure I [Basu et al., 1995] . In this latter study, no IMF selection was carried out. The expectation was that the scintillations are primarily associated with southward IMF conditions and that they are produced at the "trailing" edges of the polar cap patches. Hence combining all IMF data should result in a morphology that closely resembles that of the patches. This was in fact the initial finding.
Conclusion
We have attempted to cast theoretical patch predictions [Sojka et al., 1993a [Sojka et al., , 1994 ] in a form applicable to groundbased observational sites. We assume that the plasma source for patches is the tongue of ionization, but this
